Abstract: Chickens from two broiler strains known to differ in growth rate and feed conversion (GROWTH) and in high breast meat yield (YIELD) were grown to 10 days of age on a common starter diet and from 11 to 49 days were provided single diets (control), a choice between high energy and high protein diets, or a choice between starter and finisher diets. Overall the YIELD strain had greater body weight, feed intake and breast yield than did GROWTH strain. However, the YIELD strain had better feed conversion only when offered a choice of starter and finisher diets. Birds fed single diets and Starter-Finisher diets had better body weight, feed intake, feed conversion and breast yield than those birds fed Energy-Protein diets. Birds fed both choice feeding systems selected more high energy diets than high protein diets especially during the period of 11 to 22 d of age. The YIELD strain had a preference for the high protein diet and consequently had greater protein intake and average dietary protein content than did the GROWTH strain, while the former ate more energy intake but less energy content than did the latter. Birds given choice of the energy and protein diets had less protein intake and content for all periods, whereas these birds chose less energy intake for the period of 22 to 42 d of age and a higher energy level than did birds fed the other two feeding systems. These data indicate that choice feeding systems can identify differences in performance according to the selected nutritional needs for new strains of broilers.
Introduction
As new strains of broilers are developed, the question frequently arises as to whether they will have differing nutrient requirements from that of previous strains, due to differences in growth rate, ability to convert feed to gain, increased feathering, greater breast meat yield, or other characteristics. Several researchers have pointed out that dietary self-selection methods can estimate tailored nutrient requirements in an easy way when the choice feeding method gives the opportunity to do so (Hughes, 1984; Mastika and Cumming, 1987; Rose and Kyriazakis, 1991) . The choice feeding method may also be of value in identifying differences in nutritional needs of broiler strains. Thus heavy strains have selected more protein and less energy than did light strains (Huey et al., 1982; Brody et al., 1984) . Further the selected protein level was greater by lean strains compared to fat strains (Mastika and Cumming, 1981; Leclercq and Guy, 1991) . The nutrient requirements of broilers are basically determined as a function of the best performance such as body weight or feed conversion. Choice feeding studies have shown positive or negative performance compared to standard systems. The conflicting situation is probably because of differences in protein and energy levels of self selection or control diets. The successful choice-fed broilers were able to select similar energy and protein levels as those fed the control diets probably due to three reasons: 1) the metabolizable energy level (ME) of control diets was equal or lower than 3.0 Mcal/kg and thus the energy content was easy to reach by choice feeding diets (Cowan and Michie, 1978; Yokota and Segawa, 1979; Mastika and Cumming, 1981 , 1987 Munt et al., 1995) ; 2) the choice feeding system had a diet high in ME (3.176 to 3.602 Mcal/kg) and a diet high in protein level (41.5 to 44%), allowing the selection of adequate amounts of energy and protein (Sinurat and Balnave, 1986; Yo et al., 1998; Olver and Jonker, 1997) ; and 3) the choice feeding and control diets had the same ME and the choice feeding diets had variations of protein level (Leclercq and Guy, 1991; Shariatmadari and Forbes, 1993; Steinruck and Kirchgessner, 1993) . On the other hand, failing choice-fed broilers have chosen similar energy levels but different protein levels compared to those birds fed control diets Michie, 1977, 1978; Yokota and Segawa, 1979; Sinurat and Balnave, 1986; Yo et al., 1998; Zulkifli et al., 2001; Munt et al., 1995) . It appears that birds select their feed intake to first meet their energy requirement and then their protein requirement. Thus the ability of a choice feeding system to get a good performance will depend on the nutrient requirements of broiler strains and a well-designed choice feeding system. Moreover, birds have the ability to regulate their nutrients according to fluctuating ambient temperature, the "natural" situation (Mastika and Cumming, 1985) . The objective of the present study was to attempt to identify differences in nutritional needs for energy and protein of two broiler strains by choice feeding method. 
-----------------------------------------------------------------------------------------

Materials and Methods
An experimental strain of birds generally selected for growth rate and feed conversion (GROWTH) and an experimental strain of birds generally selected for high breast meat yield (YIELD) were used in these studies. Birds grown on two different choice systems were compared to birds fed a commercial feeding schedule.
Birds of each strain were allowed to choose between 1) a diet high in energy and a diet high in protein, each containing sufficient amounts of vitamins and minerals and balanced in amino acids related to crude protein level; or 2) a typical commercial starter diet and a finisher diet. A standard feeding program similar to that used in the commercial broiler industry was used as the positive control. Diet formulation: One series of diets (NORMAL) was formulated to provide diets that met nutrient standards for growing broilers suggested by the breeder using corn and soybean meal as intact sources of crude protein with supplemental amino acids (Diets 1, 2, 3 and 4, Table 1 ). Another diet (ENERGY) was formulated to provide similar amounts of vitamins, trace minerals, sodium, calcium and available phosphorus found in the normal diets with the bulk of the diet consisting o f ground corn (Diet 5, Table 1 ). A level of 12% Crude Protein (CP) was specified with minimum amino acid: crude protein ratios as specified for broiler normal diets by NRC (1994) with an adjustment of lysine to 1.25% per 23% CP. A final diet (PROTEIN) was formulated t o provide similar amounts of vitamins, trace minerals, sodium, calcium and available phosphorus found in the normal diets with the bulk of the diet consisting o f soybean meal (Diet 6, Table 1 ). The protein level of this diet was fixed at 38%, again with minimum amino acid: crude protein ratios as specified for broiler normal diets by NRC (1994) with an adjustment of lysine to 1.25% per 23% CP. There were no attempts to maintain any ratio significantly influenced by the dietary treatment; with the among or between any of the amino acids during formulation. As seen in Table 2 , all of the diets met or exceeded the minimum specifications for amino acids as percent of crude protein. As would be expected, the high energy diet based largely on corn protein was considerably higher in leucine and valine than the minimum specifications while the high protein diet based largely on soybean meal was considerably higher in lysine and arginine than the minimum specifications. Both choice feeding diets were higher in glycine+serine and phenylalanine+tyrosine than the minimum specifications.
Measurements: For the first 10 days all birds were fed the starter diet (Diet 1) in supplemental feeder flats on the litter floor and in two tube-type feeders. At the end of 10 d, feed and birds were weighed and feed changed as noted above. Where a choice of feeds was offered, one feed was placed in a feeder appropriately marked and the other feed was placed in a second feeder, also appropriately marked. To avoid possible bias as to side of pen or feeder location, in four of the replicate pens the "A" feeder was on the side of the pen facing west and in four of the replicate pens the "A" feeder was on the side of the pen facing east. All birds were weighed at each feed change interval indicated for the NORMAL feeding diets (10, 22, 42 and 49 d) and the feed consumption for that period measured, including the pens with feed choice. An additional weight was taken at 32 d of age. In pens with choice of feeds, consumption of the two different feed choices was determined. At 49 d of age, five representative males from each pen were processed to determine processing yield. The intake of each diet in the choice feeding setting was measured by the consumption of each diet expressed as a percentage of total intakes. Energy and protein intakes were estimated by multiplying the amount of feed consumed by the respective protein and energy contents of each diet. The selected energy and protein level expressed as a percent of the diet was estimated by dividing the energy and protein intakes by the total amount of feed consumed. The data were analyzed using the General Linear Models (GLM) procedure of SAS (SAS Institute, 1991) and the means were compared by repeated t-tests using the LSMEANS option of SAS. Mortality data were transformed to the square root of n+1 prior to analysis; data are presented as natural numbers.
Results
The effects of the different feeding systems on body weight of two strains of male broilers are shown in Table  3 . Strains differed significantly in body weight at ten days of age and at all intervals throughout the study. Body weight gains at all intervals after ten days of age were exception of the period between 42 and 49 d of age, birds fed the Energy-Protein diets had lower body weight than did birds fed the other dietary treatments. Significant treatment by strain interactions for body weight gain were noted for gains between 22 and 32 d and 32 and 42 d of age and for cumulative gains from 10 t o 32 d, 10 to 42 d and 10 to 49 d of age; this was largely due to much lower body gain of the EnergyProtein diets by the GROWTH strain compared Normal feed or given choice between starter and finisher better on either of the choice feeding systems (Energyfeed; however, the YIELD strain had significantly better Protein or Starter-Finisher) than did the GROWTH strain.
feed conversion than did the GROWTH strain when Similar effects were observed on feed intake (Table 4) . offered a choice between the high energy and high There were significant treatment differences at all age protein feed. periods except for 0-10 d and 42-49 d of age while strain One of the most striking differences between the two differences were observed at every age period; birds fed the Energy-Protein diets had lower feed intake than did birds fed the other dietary treatments. Treatment by strain interactions were observed during the period of 22-32 d of age and for cumulative feed intakes from 10 to 32 d and 10 to 49 d of age; this was largely due to much greater feed intake of the Energy-Protein diets by the YIELD strain compared to the GROWTH strain. Feed conversion was significantly affected by the feeding system used (Table 5 ). Feed conversion within any feeding period or overall except for 42-49 d of age was similar for birds fed either the Normal feed or given a choice between starter and finisher diets. The feed conversion by birds given the choice of high energy or high protein feeds was significantly worse than that of birds fed the other two systems. There generally were few strain differences (significant only for the 10 to 42 d period) but there were several periods when there were significant strain by treatment interactions. Both strains appeared to have similar feed conversion when fed the strains in their response to the different choice diets can be seen in Table 6 , which shows the relative intake of high energy or high protein diets by the two strains. The YIELD strain consistently consumed a greater percentage of the high protein diet and a lower percentage of the high energy diet than did the GROWTH strain. Also, the YIELD strain consumed an increasingly higher percentage of the high protein diet as the birds aged, in contrast to the GROWTH strain which consumed about the same relative percentage of the high protein diet throughout the study. Relative intake of starter and finisher diets is shown in Table 7 . It is interesting that during the first feeding period of 10-22 d, birds of both strains consumed a much higher percentage of the lower protein, higher energy finisher diet than of the starter diet. As the birds grew older, they tended to consume a greater percentage of the higher protein, lower energy starter diet. Perhaps this was in response to a greater need for energy during the early growth period and a greater need interaction was due primarily to much higher protein for protein during the later period where breast meat consumption by the YIELD strain compared to the was being formed. It is important to note that body GROWTH strain birds that were given the choice of the weight gain and feed conversion by birds given the high energy or high protein diets. choice of starter and finisher diets did not differ The effects of the different feeding systems on energy significantly from that of birds given the normal diet intake are shown in Table 9 . Treatment differences were series.
------------------------------------------------
noted during the periods of 22-32 and 32-42 d of age but The effects of the different feeding systems on total not during 10-22 or 42-49 d of age. Strain differences in protein consumption are shown in Table 8 . There were energy intake were observed at every age, with the significant effects of both treatment and strain for every YIELD strain consuming more calories than did the growth period and a significant treatment by strain GROWTH strain. In general, treatment by strain interaction for all periods other than 10-22 d of age. On interactions were minimal, being significant only from both choice systems, significant differences for Energythe period of 22-32 d of age. During this period of time, Protein diets and numerical differences for Starterthe YIELD strain consumed considerably more calories Finisher diets, the YIELD strain consumed more protein when given the choice between high energy and high than did the GROWTH strain. Birds given choice of the protein feed or between the starter and finisher feed than energy and protein diets consumed much less protein did the GROWTH strain birds. than did birds fed the normal diets or the choice of The effects of the different feeding systems on total starter and finisher diets. The strain by protein protein content of the consumed feed are shown in Table 9 : Effect of different feeding systems on energy intake (ME Kcal/bird) by two strains of male broilers at different feeding intervals (means of eight pens of 25 birds each) Table 10 . Though the data were not run on SAS, there The effects of the different feeding systems and strain on were numerical differences. Birds given choice of the mortality are shown in Table 12 . There was considerably energy and protein diets selected much less protein higher mortality among the GROWTH strain than the content than did birds fed the normal diets or the choice YIELD strain, most notably in the first 10 days of age and of starter and finisher diets. YIELD strain birds selected for the periods of 10-42 and 10-49 d of age. The two more protein content than did the GROWTH strain birds strains came from different locations and may not have that were given the choice of the high energy or high been handled the same prior to being placed on feed in protein diets.
-----------------------------------------------------------------------------------------------------------------------------------------------------
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the research facility. The effects of the different feeding systems on energy The effects of the different feeding systems and strain on level of the consumed feed are shown in Table 11. various processing parameters are shown in Table 13 . Though the data were not run on SAS, there were Treatment, strain and treatment by strain interactions numerical differences. The selected energy level b y were noted for every parameter. There were few birds given the choice of high energy or high protein differences between the performance of birds fed the feeds was higher than that of birds fed the other two normal diets and those given choice between starter systems. The GROWTH strain chose a higher energy and finisher diets for any parameter; however, in the level than did YIELD strain when offered a choice birds given choice of Energy-Protein diets had significant between the high energy and high protein feeds.
lower values compared to those birds fed Normal or Table 11 : Effect of different feeding systems on energy level (ME Mcal/kg of the consumed feed) by two strains of male broilers at different feeding intervals (means of eight pens of 25 birds each) Starter-Finisher diets for every parameter. The values for moreover, this difference was shown for both choice the YIELD strain tended to be higher than those for the feeding and control diets (Mastika and Cumming, 1981 ; GROWTH strain for breast weight and breast yield, as Leclercq and Guy, 1991) . would be expected. The YIELD strain was better able to Many studies have shown that birds given a choice of maintain breast weight and yield when given the choice high energy or high protein diets had worse of high energy or high protein diets, accounting for much performance than did birds fed control diets (Cowan and of the treatment by strain interactions observed. Michie, 1977; Cowan and Michie, 1978; Yokota and 
Discussion
The highest growth rate as shown by YIELD strains was not associated with the best feed conversion for those birds fed control and Starter-Finisher diets, despite the high relationship that exists between growth rate and feed conversion (Emmerson, 1997) . Only the feed conversion of YIELD strain fed Energy-Protein diets was better than did the GROWTH strain. Lean strains have also had better feed conversion than did fat strains; Sagawa, 1979; Sinurat and Balnave, 1986; Yo et al., 1998; Zulkifli et al., 2001; Munt et al., 1995) . Similar results have also been obtained in the present study in which the poor performance of birds given the choice of high energy or high protein diets was associated with dietary self-selection of higher energy content and lower protein content than those of control or Starter-Finisher diets. It seems that birds given the choice of the EnergyProtein diets, in the desire to first meet a high energy requirement, consequently select a lower protein al., 1990) and consequently cause an increment of incremented the selection of energy content by the energy intake by the preference for carbohydrate intake preference of the high energy diet. Similarly a slow (Cosava and Forbes, 1995) . Moreover, since the plasma growth rate strain has shown a greater preference for a ratio of tryptophan to large neutral amino acids high energy diet than did the fast growth rate strain (Trp:LNAA) and the selected protein intake have shown during the first 20 days . Thus greater some inverse trends in birds (Elkin et al., 1985) and rats adrenocortical cell sensitivity to corticotropin by slow (Ashley and Anderson, 1975) , the high protein diet may growth rate strains compared to fast growth rate strains not be preferred in the present study because this diet have been demonstrated (Weber et al., 1990) ; had higher dietary ratio of tryptophan to large neutral corticotropin stimulates the synthesis of costicorterone amino acids (Trp:LNAA) than that of high energy diet. (Siegel, 1968; Davison et al., 1985) and therefore The similarity of performance between birds fed the enhances the preference for carbohydrate intake. Kaminska, 1982; Picard et al., 1997) . In contrast, which let these birds make an adequate self-formulation in the present study the selected protein level of both of energy and protein levels. Similar results have been choice feeding systems tended to increase as the birds reported in several studies which the birds were fed aged. It is likely that the tendency of this selected protein isocaloric diets varying in protein content (Leclercq and can be driven by the selection of energy since the energy Guy, 1991; Shariatmadari and Forbes, 1993; Steinruck level tended to decrease as the birds aged especially for and Kirchgessner, 1993) , low energy levels of control the Starter-Finisher diet. Moreover, the low energy level diets (Cowan and Michie, 1978; Yokota and Segawa, used during the first 10 days suggests a possible 1979; Mastika and Cumming, 1981 , 1987 Munt et energy deficiency which stimulated the birds to choose al., 1995), or a choice of very high energy or high protein a higher energy level and consequently a lower protein diets (Sinurat and Balnave, 1986; Yo et al., 1998; Olver level during the period of 10-22 d of age. Some studies and Jonker, 1997).
without this previous energy deficiency have shown a In both choice feeding systems in the present study the decline of the selected protein level when the split diets birds selected more of the high energy diets than high were fed from 1 day old of age (Kaminska, 1982 ; Picard protein diets especially during the period of 10 to 22 d. et al., 1997) . The selected energy levels of EnergyThus the selected energy levels were higher or equal Protein diets shown a curvilinear trend with a tendency than 3.15 Mcal/kg during this period. These choice-fed to decrease as the birds aged peaking at 22 to 32 d, broilers had an elevated energy probably due to two whereas the selected energy levels of Starter-Finisher possibilities 1) the energy requirement was high during diet tended to decline as the birds aged. A choice this period or 2) the energy requirement of the previous feeding study has also shown a curvilinear tendency of phase (0 to 10 d) was deficient in energy content (2.986 selected energy levels but peaking later between 42 and Mcal/kg) and the birds compensated the previous 49 days of age (Kaminska, 1982) . deficiency selecting a higher amount of that nutrient as
The results of the present study demonstrates definite shown by Kirchgessner and Paulicks (1994) and Forbes differences in the ability of two strains that differed in and Shariatmadari (1996) . expected performance and nutritional selection when It seems that the lower energy requirement of YIELD offered choices in diet selection. The greatest difference strain fed the Energy-Protein diets allowed them t o was observed when they were given a choice between select a diet relatively high in protein and consequently a high energy and a high protein diet, but differences a higher protein intake compared to the GROWTH strain.
were also noted when given a choice between a starter Similarly, strains of high growth rate have selected less and finisher diets. These results suggest that some type energy level but higher protein level than did strains of of choice feeding system might be used as a preliminary low growth rate (Huey et al., 1982; Brody et al., 1984) . step in evaluating whether new or modified strains of Moreover, when the energy or protein consumption was birds might differ in their nutrient needs. expressed in function of body gain, lean strains have also chosen less energy and more protein compared to fat strains (Mastika and Cumming, 1981) . Likewise the YIELD strains which had a higher breast yield than did GROWTH strain had less energy and more protein consumption for kg gain when given a choice of high
